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Abstract: Intact seeds of Cynanchum otophyllum were innately dormant at maturity in November . Seeds planted in a non- 
heated greenhouse in November germinated the following spring and most of the germination occurred between 28 March - 

4 April, when the mean maximum and minimum daily temperatures were 19.0 and 9.9°C, respectively . Stratification was 
effective in overcoming dormancy, and nondormant seeds germinated in both light and darkness . About one week of stratifi- 
cation was effective in overcoming dormancy in some of the seeds; seeds stratified in light for 1 week and then incubated in 
darkness at 215°C germinated to 75.4% . Seeds stratified in light or darkness for 2 and 3 weeks and then incubated in 
light or darkness germinated to 66.4% or more at thermoperiods of 3@20 and 2%A5°C but germinated to 20.1% or less at 
20°C . Seeds stratified for 6 weeks also germinated to high percentages (65.3% or more) at 260°C . 
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Germination is a crucial phase in the life cycle of 
a plant, greatly affecting its fitness (Narbona et al., 
2007) . In order for the seeds of a species to germi- 
nate, they must be in suitable environmental condi- 
tions, which usually favour the growth and establish- 
ment of the seedlings (Harper, 1977) . However, via- 
ble seeds of some species do not germinate even though 
conditions are favourable . Five classes of dormancy are 
known to occur in seeds: morphological (MD), physi- 
ological (PD), morphophysiological (MPD) , physical 
(PY), and combinational (PY + PD) (Baskin and 
Baskin, 2004) . 

Cynanchum is a large genus of some 400 de- 
scribed species with a tropical and subtropical distribu- 
Madagascar, Australia, North and 
South America, and parts of Asia (Liede, 1997) . 


Seeds of most of the studied species of this genus have 


tion in Africa, 


physiological dormancy (Sheeley, 1992; Zhou et al., 

2003; Wang et al., 2007) . Seeds of C. rossicum 
stored at 4.5°C for 5 weeks in the dark had relatively 
high germination percentages under either light (46% ) 

or dark (36% ) conditions in a controlled environment 
chamber when subjected for 7 weeks to fluctuating tem- 

peratures of 13 - 21°C (Sheeley, 1992) . In contrast, 

seeds of C. komaroviil stored 2 - 4°C for 40 d, and 
then incubated under an alternating temperature (25°@® 
5°C; 12 h light@lark), the percentage of germination 
was 3.33% (Zhou et al., 2003) . 

Cynanchum otophyllum Schneid .is a native Chi- 
nese perennial vine found on open forest of upland and 
shrubs of hillside, ranging from Xizang to Sichuan, 
Guangxi, Hunan and Yunnan . The roots are used as 
medicine for rheumatism, epilepsy, hydrophobia, and 
detoxification of viper bites (Li et al., 1995) . Some 
information on the biology of C. otophyllum has been 
summarized (Li et al., 1995) . Little is known about 
the characteristics of C. otophyllum seeds . 

One purpose of this study was to determine wheth- 
er the freshly matured C.otophyllum seeds are 
dormant . The second purpose was to observe what the 
time seeds germinate when they are exposed to natural 


temperature regimes during autumn-winter and spring 


and what the temperatures are when germination oc- 
curs . The third purpose was to investigate the germina- 
tion responses of seeds stratified in light and darkness 
for various periods of time and then incubated in light 
and darkness at four alternating temperature regimes 
which represent those occur in the field from early spri- 


ng to summer . 


1 Materials and methods 
1.1 Seed collection site 

The studied site of Cynanchum otophyllum was located on a 
hill with yellow soil near the town of Longchang, Xuanwei Coun- 
ty, Yunnan Province, P . R . China (104°09 E, 26°11’ N). 
The climate is subtropical with an annual average temperature of 
14.1°C . The C. otophyllum plants were growing in a dry area, 
covering about 3 000 m and usually thrive in patches . The sur- 
rounding landscape was a mixture of small woodlots, and agricul- 
tural crops . There were about 500 plants within the whole area . 
1.2 General 

We collected mature seeds from a population of C.o- 
tophyllum plants on 8 November 2006 . The seeds were separated 
from the tufts of silky hairs . The collected seeds were allowed dry 
for 1 week in the laboratory, and the experiments were started on 
15 November 2006 .Seeds were considered to be 0 weeks old on 
that date . In all experiments radicle protruded 1 - 2 mm was the 
criterion germination . 
1.3. Germination at natural temperatures 

Each 250 seeds in two copies were planted on greenhouse 
potting soil in large flats and placed in a non-heated greenhouse 
in Kunming University s Botany Experimental Field . The win- 
dows in this greenhouse were open during the entire experiment 
and temperatures were similar to those out-of-doors . Mean weekly 
maximum and minimum daily temperatures were calculated from 
continuous thermograph records made in the greenhouse . The soil 
in the flats was watered daily to keep it similar to field capacity . 
The flats were examined at about 1-week intervals, and each time 
the germinated seeds were counted and then removed . 
1.4 Germination responses of stratified seeds 

Seeds of C. otophyllum were placed on moist, quartz sand 
in Petri dishes (50 seeds in each of 240 dishes) and stratified at 
4+ 2°C for 1, 2, 3, 6 weeks . One half of the seeds was strati- 
fied in constant darkness , and the other half was stratified in light 
(12 h of 28.8 umol m`? s`" of cool white fluorescent light each 
day) . All Petri dishes were wrapped with wrap to retard loss of 


water, and with aluminum foil to provide constant darkness . At 
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the end of the various stratification periods seeds were transferred 
to four alternating temperature regimes (13, 2040, 255, 
and 3@20°C) . These temperature regimes approximate the aver- 
age daily thermoperiods that occur near the soil surface in spring 
and summer in Kunming . At each temperature, seeds stratified 
in light and darkness were incubated in light and darkness, and 
seeds stratified in darkness were incubated in light and darkness 
too . Non-stratified seeds (0 weeks of stratification) were placed 
in light and darkness at each temperature regime on 15 November 
2006 at the beginning of the experiment . Seeds incubated in light 
received 12 h of 2 000 lux of cool white fluorescent light each 
day . The high and low temperatures were maintained for 12 h 
each day . Three replications (dishes) of seeds were used for 
each treatment .Germination percentages were determined for all 
seeds 2 weeks after they were placed at the alternating tempera- 
ture regimes . 
1.5 Statistical analysis 

Mean germination percentage and standard error were statis- 


tically tested with Student s t-test (Zar, 1984) . 


2 Results 

2.1 Germination at natural temperatures 
Germination of the seeds sown after dried for 1 

week was practically null . It began in 17 weeks about 

the date between 14 March and 21 March 2006 (Fig . 

1), and during this time the mean maximum and mini- 


mum daily temperatures were 18.7 and 10.5°C (Fig. 
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1), respectively . Most of the seeds germinated between 
28 March and 4 April . During this interval the mean 
weekly maximum daily temperatures ranged from 18.6 
to 19.5°C, and the mean weekly minimum daily tem- 
peratures ranged from 9.8 to 10.0°C . The mean mazi- 
mum and minimum daily temperatures from 21 March 
and 4 April were 19.0 and 9.9°C, respectively . The 
mean maximum of seeds germination percentage was 
66.842.21% at natural temperatures . 
2.2 Germination responses of stratified seeds 
Freshly matured, non-stratified seeds (0 weeks) 
germinated to low percentages in both light (5.2 + 
1.2%, 8.24 1.58%) and darkness (15.3+ 3.42%, 
8.142.12%) at 25 and 300°C, but there was no 
germination at 2@40 and 13°C (Table 1) . After 1 
week of stratification, germination at 29A5 and 3@20°C 
was greatly improved, especially for seeds incubated in 
darkness, but there was no germination at 20 and 1% 
6°C . Regardless of whether seeds were in light or dark- 
ness during stratification or during incubation at the al- 
ternating temperatures, seeds receiving 2 weeks of strati- 
fication germinated to 66.4 +3.78% or more at 255 
and 30@20°C, and to 9.2+ 2.45% or less at 26@10: 
no seeds germinated at 13°C . Seeds that received 


longer stratification periods (3 and 6 weeks) showed an 
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Germination of C. otophyllum seeds planted on soil in a non-heated greenhouse in Kunming, Yunnan 
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Table 1 Germination percentages of C. otophyllum seeds after 0, 1, 


2, 3 and 6 weeks of stratification . Seeds stratified in light were 


incubated in light and darkness, and seeds stratified in darkness were incubated in light and darkness (mean s . d) 


Stratification Germination temperature 


Stratification time (wks) 


treatment change ( °C) 0 1 2 3 6 
Light-Light 1 0 0 0 0 0 
20010 0 2.80 1.21 4.1+0.78 20.14 1.32 76.54 1.32 
255 5.2 1.2 34.2+ 3.65 85.2+ 6.54 90.3+5.78 94.24 3.55 
3620 8.24 1.58 20.0+ 1.65 75.3+ 4.64 89.2+3.96 94.141.34 
Dark-Light 1% 0 0 0 0 0 
20010 0 0 4.8+1.21 7.51.87 78.5+ 0.77 
255 0 19.1 2.54 66.5+ 3.33 91.0+6.21 95.2+2.56 
3620 0 21.4 2.45 68.74 5.23 85.1+5.54 95,342.23 
Dark-Dark 1%% 0 0 0 0 0 
20010 0 0 4.0+0.65 18.31.22 65.343.12 
255 15.3+ 3.42 65.2+ 5.75 75.5+ 6.58 90.14 4.66 95.2+3.28 
320 8.14 2.12 30.3+ 3.37 66.4+ 3.78 84.5+5.64 96. 142.79 
Light-Dark 1% 0 0 0 0 0 
20010 0 0 9242.45 16.24 1.36 75.22.12 
255 0 75.4 3.45 90.1+ 6.23 92.5+5.21 97.14 1.63 
3620 0 66.0+ 3.69 80.4+ 4.21 91.5+4.98 86.2+5.31 


increase in ability to germinate at 200, 25, and 
3@@0°C . After 6 weeks of stratification, regardless of 
whether seeds were in light or darkness during andr 
after stratification, seeds germinated to 94.14 1.34% 
or more at 36@20 and 245°C but no seeds germinated 
at 195°C . Seeds germinated to 55.34 3.12% or more 
incubated in darkness at 260°C . 


3 Discussion 

Seeds of Cynanchum otophyllum dried for 1 week 
at natural temperature did not germinate . However, the 
fact that the seeds sown under the same conditions did 
germinate after 17 weeks indicates that they had physi- 
ological dormancy . Physiological dormancy is common . 
It has been reported in common milkweed ( Asclepias 
syriaca L .) (Evetts and Burnside, 1972; Jeffery and 
Robison, 1971; Oegma and Fletcher, 1972) and but- 
terfly milkweed ( Asclepias tuberose L .) (Bir, 1986) in 
the family of Asclepiadaceae . Dormancy can be broken 
by short period of moist, low-temperature treatment 
(stratification) (Evetts and Burnside, 1972; Jeffery 
and Robison, 1971; Oegma and Fletcher, 1972; Yang 
and Liu, 2005), removing the seed coat (Oegma and 
Fletcher, 1972; Ren and Abbott, 1992), dry labora- 
tory storage ( Evetts and Burnside, 1972) and treatment 
with gibberellic acid or kinetin (Evetts and Burnside, 
1972; Oegma and Fletcher, 1972) . Physiological 


dormancy also has been found in species of the genus 
Cynanchum, in which stratified at 2 - 5°C for 5 - 7 
weeks was effective in overcoming dormancy (Sheeley, 
1992; Zhou et al., 2003; Wang et al., 2007) . 
When seeds of C. otophyllum are dispersed in 
November, although a small percentage of the seeds is 
non-dormant, there is no germination . These non- 
dormant seeds have a high temperature requirement for 
germination (3@@20 and 295°C) (Table 1) and can 
not germinate in natural conditions because tempera- 
tures are too low then in Kunming . When the seeds be- 
gin to after-ripen during winter, they obtain the ability 
to germinate to high percentages at temperatures repre- 
sentative of late April and early May (235 and 36 
20°C), but germination is prevented because tempera- 
tures of the environment are too low in the experiment 
site . With further after-ripening the seeds become capa- 
ble of germinating if subjected to lower temperatures 
(280°C), but temperatures of the environment are 
still below those required for germination . Germination 
is delayed until spring when temperatures of the environ- 
ment increase and correspond to those required for germ- 
ination . Seeds subjected to natural, low winter temper- 
atures in the non-heated greenhouse germinated in 
April when mean maximum and minimum daily temper- 
ature were about 20 and 10°C, respectively (Fig .1) . 
In the early stages of after-ripening (after 1 week 
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of stratification) seeds germinated better when incubat- 
ed in darkness than in light (Table 1) . As the seeds 
became more fully after-ripened, however, they germi- 
nated equally well in light or darkness, regardless of 
whether or not they received light during stratification . 
Thus, seeds that overwinter in the field can germinate 
in darkness in spring if they become buried in either 
autumn or spring . Jeffery and Robison (1971) found 
that seeds germinated better when planted 1 or 2 cm 
deep than when planted on the soil surface . One possi- 
ble reason for low seed germination in their study was 
the fact that they used open pots, causing high surface 
evaporation and low water availability to seeds . 

To sum up, Cynanchum otophyllum seeds have 
non-deep physiological dormancy, which is broken in 
late spring and early summer, thus allowing seeds to 
germinate in the optimal wet season . The physiological 
dormancy of seeds can be broken by stratifying at a low 
temperature . Seeds can germinate under the situation of 
light and darkness . 
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